Previous studies of oral contraceptives and breast cancer indicate that recent use slightly increases risk, but most studies relied on self-reported use and did not examine contemporary oral contraceptive formulations. This nested case-control study was among female enrollees in a large U.S. integrated health care delivery system. Cases were 1,102 women ages 20 to 49 years diagnosed with invasive breast cancer from 1990 to 2009. Controls were randomly sampled from enrollment records (n ¼ 21,952) and matched to cases on age, year, enrollment length, and medical chart availability. Detailed oral contraceptive use information was ascertained from electronic pharmacy records and analyzed using conditional logistic regression, ORs, and 95% confidence intervals (CI). Recent oral contraceptive use (within the prior year) was associated with an increased breast cancer risk (OR, 1.5; 95% CI, 1.3-1.9) relative to never or former OC use. The association was stronger for estrogen receptor-positive (ER þ ; OR, 1.7; 95% CI, 1.3-2.1) than estrogen receptor-negative (ER À ) disease (OR, 1.2, 95% CI, 0.8-1.8), although not statistically significantly different (P ¼ 0.15). Recent use of oral contraceptives involving high-dose estrogen (OR, 2.7; 95% CI, 1.1-6.2), ethynodiol diacetate (OR, 2.6; 95% CI, 1.4-4.7), or triphasic dosing with an average of 0.75 mg of norethindrone (OR, 3.1; 95% CI, 1.9-5.1; P heterogeneity compared with using other oral contraceptives ¼ 0.004) was associated with particularly elevated risks, whereas other types, including low-dose estrogen oral contraceptives, were not (OR, 1.0; 95% CI, 0.6-1.7). Our results suggest that recent use of contemporary oral contraceptives is associated with an increased breast cancer risk, which may vary by formulation. If confirmed, consideration of the breast cancer risk associated with different oral contraceptive types could impact discussions weighing recognized health benefits and potential risks. Cancer Res; 74(15); 4078-89. Ó2014 AACR.
Introduction
The relationship between oral contraceptive use and breast cancer risk has been extensively studied, yet the composition and patterns of oral contraceptive use have evolved considerably over time and more recent formulations have received relatively little scrutiny. Notably, there have been changes in oral contraceptive formulations since they were introduced in the United States in the 1960s, including decreased estrogen doses, the addition of new synthetic progestins, and the approval of extended cycle oral contraceptives (1) (2) (3) (4) . Given that oral contraceptives are the leading contraceptive method in the United States (5), ongoing evaluation of their benefits and harms is of critical public health importance.
In 1996, the Collaborative Group on Hormonal Factors in Breast Cancer published a pooled analysis of about 90% of the world's studies consisting of 53,297 breast cancer cases and 100,239 women without breast cancer. It concluded that women have an increased breast cancer risk while taking oral contraceptives, but risk decreases with increasing time since last use and is no longer evident 10 years after ceasing use (6, 7) . Risk was highest among current oral contraceptive users [in the preceding 12 months; relative risk (RR), 1.24; 95% confidence interval (CI), 1.15-1.33] and there was little impact of duration of use after accounting for recency of use, suggesting that recent use is a relevant period (6, 7). There was no statistically significant risk variation by oral contraceptive formulation; however, 74% of the cases in the pooled analysis were diagnosed during the 1980s, and thus more likely to be exposed to oral contraceptive formulations less commonly used today, and only half of the contributing studies had formulation data (6, 7) . A recent smaller study, the Nurses' Health Study II, reported an excess breast cancer risk (RR, 1.3; 95% CI, 1.0-1.7) associated with current oral contraceptive use and a marked increased risk associated with current use of one triphasic oral contraceptive formulation (OR, 3.1; 95% CI, 2.0-4.7; ref. 8) , whereas the Women's Contraceptive and Reproductive Experiences (CARE) Study found no elevated risk associated with current use of oral contraceptives (9) or with unique oral contraceptive formulations (i.e., considering 1 estrogen and progestin components; ref. 10 ). Yet these studies and most other studies lack formulation data and/or are susceptible to exposure misclassification due to their reliance solely on participant recall. In addition, comparatively few studies assessing recent oral contraceptive use have stratified breast cancer risk by estrogen receptor status and existing results are mixed (11) (12) (13) (14) (15) (16) .
To evaluate recent use of contemporary oral contraceptive formulations used from 1989 to 2009, we conducted a study among women enrolled in a large U.S. health plan and used pharmacy dispensing records to determine whether various oral contraceptive types are associated with an increased breast cancer risk.
Patients and Methods

Study population
We conducted a nested case-control study among women ages 20 to 49 years enrolled continuously at Group Health Cooperative (GHC), an integrated health care delivery system serving the Seattle-Puget Sound area (17) , for at least 12 months before diagnosis date (reference date) or a similar date for controls from January 1990 to October 2009. At reference date, all women were required to reside in one of the 13 counties in western Washington state monitored by the Cancer Surveillance System (CSS), the local population-based cancer registry that participates in the Surveillance, Epidemiology, and End Results (SEER) program funded by the National Cancer Institute. All first primary invasive breast cancer cases were identified using the CSS and those with a prior history of in situ breast cancer or mastectomy at reference date were excluded. We randomly sampled up to 20 controls per case from enrollment records, individually matched on age, year (enrolled on the case's diagnosis date), enrollment length before reference date (AE1 month), and medical chart availability (no/yes). We expanded the matching criteria for a small number of cases with fewer available controls, allowing controls to be matched to cases on enrollment length (AE2 months), case's birthdate (AE365 days), and/or have a different medical chart availability than their case. A total of 1,105 cases and 22,100 matched controls met the eligibility criteria (21,755 of the 22,100 matched controls met the exact matching criteria). The Group Health Human Subjects Review Committee approved this study and a waiver of consent.
Oral contraceptive prescriptions
The GHC electronic pharmacy database began in 1977 and contains detailed information about pharmacy dispensings including date dispensed, drug name, dose, administration route, pill quantity, and days of supply. Past GHC studies estimate that approximately 96% to 97% of GHC enrollees fill all or almost all of their prescriptions at GHC pharmacies (17) , likely due to financial incentives. We focused on exposures in the 12 months before reference date due to the enrollment lengths of our study population and because of prior evidence indicating an increased breast cancer risk during this period (6, 7) . We obtained all oral contraceptives filled in the 12 months before reference date and classified them by formulation by identifying unique combinations of estrogen and progestin components, doses, and dosing schedules (monophasic or triphasic). Monophasic oral contraceptives contain the same estrogen and progestin dose in each hormone pill, whereas triphasic oral contraceptives contain three phases of estrogen and progestin dose combinations. We supplemented these data with claims data in the 12 months before reference date; thus, oral contraceptives filled outside of GHC pharmacies with a claim submitted were also captured (3.9% of oral contraceptive prescriptions came from claims).
We categorized combined oral contraceptive formulations, which contain estrogen and progestin, as low [20 mg ethinyl estradiol (EE)], moderate (30-35 mg EE or 50 mg mestranol), or high (50 mg EE or 80 mg mestranol) dose estrogen. We examined progestin types individually and grouped by chemical structure (estranes included norethindrone, norethindrone acetate, and ethynodiol diacetate; gonanes included levonorgestrel, norgestimate, norgestrel, and desogestrel; refs. [18] [19] [20] . For each woman, we summed all oral contraceptive hormone pills and pills by estrogen dose, progestin type, and formulation in the year before reference date. We classified the number of pills as <190 or !190 to estimate exposure for greater than half of the year prior and to assess a potential dose-response effect.
We defined recent users as women who filled at least one oral contraceptive prescription in the year before reference date and compared them with women who did not fill an oral contraceptive prescription in the year before reference date. Progestin-only oral contraceptive use was uncommon; therefore, we excluded women with exclusively progestin-only oral contraceptives filled in the year before reference date (3 cases and 148 controls). Our final analyses included the remaining 1,102 cases and 21,952 controls.
Additional data sources
Using SEER data, we classified cases as estrogen receptorpositive (ER þ ) or -negative (ER À ). We determined race and Hispanic ethnicity from a combination of data sources including SEER, death files, and self-administered breast cancer screening questionnaires from the Group Health Breast Cancer Surveillance Project (21) . The breast cancer screening questionnaire collects information about demographics and breast cancer risk factors (22) . To evaluate possible confounding by parity, oophorectomy history, breast and/or ovarian cancer family history, and body mass index, we completed medical record reviews for all cases ages 20 to 44 years with reference dates from May 1995 to October 2009 and two of their matched controls. Medical record reviews were restricted to this subset because of data abstracting costs and the greater likelihood of oral contraceptive exposure among younger women. Because GHC administers breast cancer screening questionnaires systematically among women ages 40 years and older, medical record data for women ages 40 to 49 years were additionally supplemented with data from these questionnaires as available.
Statistical analysis
We used conditional logistic regression on the matched case-control sets to calculate OR and 95% CIs as estimates of the relative risk. We used 2-sided tests and ORs with P < 0.05 were considered statistically significant. The reference group for all analyses was women who did not fill an oral contraceptive prescription in the year before reference date. Because results were comparable when defining recent users as filling at least 2 oral contraceptive prescriptions in the year before reference date, all of our analyses defined recent use as filling at least one oral contraceptive prescription in the prior year. The oral contraceptive formulation analyses used separate regression models for each oral contraceptive exposure category. Therefore, the exposure categories were not mutually exclusive and women could be exposed in multiple models. We used unconditional logistic regression adjusted for the matching factors to test for heterogeneity between oral contraceptive exposure groups by calculating a P value comparing recent users of a specific oral contraceptive formulation to recent users of any other oral contraceptive formulation. In addition, we examined risk by age group (ages 20-39, 40-44, 45-49 years) but found no evidence of effect modification when comparing regression models using a likelihood ratio test (P ¼ 0.35); thus, results were not stratified by age.
We systematically assessed potential confounders (in Tables  1 and 2 ) among women with available data. We also conducted a sensitivity analysis to evaluate possible confounding due to prior breast cancer screening among women ages 40 to 49 years, as systematic screening is not recommended for younger women. We obtained nonsymptomatic screening mammography data from GHC's Breast Cancer Surveillance Project for all women ages 40 to 49 years with reference dates beginning in June 1998. We used 2 conditional logistic regression models restricted to either ER þ or ER À cases and their matched controls to calculate ER-specific ORs. We classified borderline ER results as positive (n ¼ 4) and excluded cases with unknown ER status (n ¼ 91) from these analyses. To test for a difference between ER case groups, we calculated a P value using unconditional logistic regression limited to cases and adjusted for the matching factors. We performed all analyses using Stata/MP version 12.0 (StataCorp LP).
Results
Distributions of reference year, age, and months of GHC enrollment were similar among cases and controls ( Table 1) . As expected, cases were more likely than controls to have a screening mammogram during the 18 months before the reference date because screening mammograms closer to the reference date were likely to lead to cancer detection in cases. Cases were somewhat more likely to be white and leaner than controls. Among women with available information, a firstdegree family history of breast cancer among female relatives was more common among cases than controls. Cases were somewhat less likely than controls to have 3 or more live births and have both ovaries removed. Among control women, recent oral contraceptive users were more likely to be younger than 40 years of age, leaner, to have a screening mammogram in the 18 months before reference date, and somewhat more likely to be white compared with never or former oral contraceptive users (Table 2 ). Among controls with reproductive and family history of cancer information, recent oral contraceptive users were less likely than never or former oral contraceptive users to be parous and somewhat less likely to have a first-degree family history of breast cancer but slightly more likely to have a firstdegree family history of ovarian cancer.
None of the potential confounders assessed (in Tables 1  and 2 ) changed the OR for any oral contraceptive use in the prior year and breast cancer risk by !10% when individually Recent use is defined as filling at least one combined oral contraceptive script in the year before reference date. c Some controls are outside of the 20-49 age range due to expanded matching criteria. Cancer Research 4082 added to the model. Thus, none were adjusted for in our final statistical models. Inclusion of recent screening mammogram receipt in our model only changed the OR for oral contraceptive use and breast cancer risk by 5%; therefore, it was not included in our final statistical models.
Recent oral contraceptive use was associated with a 50% elevated breast cancer risk (95% CI, 1.3-1.9) relative to never or former oral contraceptive use (Table 3) . Recent oral contraceptive use was more strongly related to ER þ than to ER À cancer, although this difference was not statistically significant (P ¼ 0.15). Risk of overall breast cancer and ER þ cancer increased with increasing number of hormone pills dispensed over the past year (P trend < 0.001 for both). The proportions of use of different oral contraceptive types varied by oral contraceptive estrogen dose, progestin type, and reference year among controls who were recent oral contraceptive users (Table 4) . Low-dose estrogen oral contraceptives were not associated with an increased breast cancer risk (OR, 1.0; 95% CI, 0.6-1.7), whereas moderate-and high-dose oral contraceptives were associated with elevations in risk (OR, 1.6; 95% CI, 1.3-2.0 and OR, 2.7; 95% CI, 1.1-6.2, respectively; Table  5 ). None of the estrogen dose risk estimates were statistically significantly different than the risk estimates for using other estrogen doses, although low-dose estrogen oral contraceptives approached statistical significance (P heterogeneity ¼ 0.08). Risk increased with increasing number of pills dispensed of moderate (P trend <0.001) and high-dose estrogen oral contraceptives (P trend ¼ 0.01) in the prior year, although few women used highdose estrogen oral contraceptives.
Estrane progestin oral contraceptives were associated with a 60% increased risk (95% CI, 1.3-2.0) and a greater number of pills dispensed increased this risk (P trend < 0.001). All of the individual estrane progestins were associated with elevated risks and had statistically significant trends for increasing number of pills, except for norethindrone acetate. Ethynodiol diacetate oral contraceptives were infrequently used but were associated with an elevated risk (OR, 2.6; 95% CI, 1.4-4.7). Gonane progestin oral contraceptives were associated with an increased risk (OR, 1.4; 95% CI, 1.0-2.0), but risk did not increase with additional pills dispensed. While norgestimate oral contraceptives did not appear to be associated with an increased risk (OR, 1.2; 95% CI, 0.6-2.2), levonorgestrel oral contraceptives were (OR, 1.5; 95% CI, 1.0-2.3), although neither OR was statistically significantly different than using other progestin types.
We further assessed risk by the most commonly used oral contraceptive formulations. One monophasic formulation (low-dose estrogen and norethindrone acetate 1.0 mg) composed most of the low-dose users (Table 6 ). Among monophasic moderate-dose estrogen users, there was considerable variation in risk estimates and some neared statistical significance when compared with users of other oral contraceptive formulations. Norethindrone 0.50 mg was not associated with an increased risk (OR, 0.8; 95% CI, 0.4-1.6; P heterogeneity ¼ 0.05), whereas norethindrone acetate 1.5 mg was associated with an increased risk (OR, 2.1; 95% CI, 1.4-3.1; P heterogeneity ¼ 0.08), and ethynodiol diacetate 1.0 mg was associated with the greatest risk (OR, 2.8; 95% CI, 1.5-5.2; 
Discussion
To our knowledge, this is the first study evaluating specific oral contraceptive formulations used in the United States during the 1990s and 2000s, determined by high-quality electronic pharmacy dispensing records, and breast cancer risk among young women. Our findings suggest that recent use of contemporary oral contraceptive formulations is associated with an increased breast cancer risk among women ages 20 to 49 years. This risk may be more strongly associated with ER þ than ER À breast cancer and may increase with increasing number of pills dispensed. Our results also suggest that risk may vary by oral contraceptive formulation. High-dose estrogen, ethynodiol diacetate, higher dose norethindrone, and specific triphasic oral contraceptives are possibly associated with increased breast cancer risks, whereas low-dose estrogen oral contraceptives and other formulations may not be associated with elevated risks. The increased breast cancer risk associated with recent oral contraceptive use that we observed is consistent with some studies, including the large Collaborative Group pooled analysis that found the greatest breast cancer risk associated with oral contraceptive use in the prior year (6) , and the Nurses' Health Study II (8), although not consistent with all studies (9, 23, 24) . Collectively, these results suggest that oral contraceptives may act as tumor promoters, which is supported by evidence demonstrating increased breast cell proliferation among oral contraceptive users (25) (26) (27) (28) .
Our results by estrogen dose, progestin type, and dosing schedule differ from the Collaborative Group analysis, which overall did not find risk variations by oral contraceptive formulation among recent users (6, 7) , but this could be due to two important study design differences. First, 21 of the 27 studies with oral contraceptive formulation data in the Collaborative Group analysis relied only on self-report and the remaining 6 relied partially or exclusively on medical records (7), whereas our study used pharmacy records. Although validation studies suggest that women recall ever using oral contraceptives, duration of use, and timing of use relatively well, recall of specific oral contraceptive brand names is less accurate (29) (30) (31) (32) (33) . Second, many of the oral contraceptive formulations examined in the Collaborative Group analysis are not comparable to oral contraceptives used today. In particular, the mean ethinyl estradiol dose dropped from approximately 56 mg per pill in 1972, to 34 mg in 1994, and now oral contraceptives with <30 mg ethinyl estradiol account for an increasing proportion of hormonal contraception prescriptions (1) (2) (3) (4) . This change allowed us to evaluate 20 mg ethinyl estradiol oral contraceptives, which was not possible in earlier studies. e Some of our oral contraceptive formulation results are consistent with studies after the Collaborative Group analysis, although all of these studies relied exclusively on self-report. The Nurses' Health Study II reported an increased breast cancer risk among women younger than 55 years who were current oral contraceptive users and one triphasic formulation containing levonorgestrel accounted for much of the excess risk (RR, 3.1; 95% CI, 2.0-4.7; ref. 8). We also found an increased risk associated with this formulation (OR, 1.8; 95% CI, 1.0-3.3). However, another triphasic oral contraceptive (average dose of 0.75 mg norethindrone) was associated with the greatest risk in our study and was the only oral contraceptive formulation with a statistically significantly different risk compared with using other oral contraceptive formulations. In contrast, the CARE study found no increased risk associated with unique oral contraceptive formulations, high-dose estrogen oral contraceptives, or progestin types among women ages 35 to 64 years, with the exception of an elevated risk associated with current use of ethynodiol diacetate oral contraceptives (OR, 3.5; 95% CI, 1.1-10.7), yet numbers were quite small (9, 10) . Another study included in the Collaborative Group analysis, but with more recent diagnosis dates, reported nonstatistically significant risk estimates of similar magnitudes to our progestin type results, a greater risk associated with higher than lower dose estrogen oral contraceptives, and an elevated risk associated with ethynodiol diacetate oral contraceptives among the youngest women, but data were sparse (34) . Future studies are necessary to identify mechanisms explaining possible differences in risk by estrogen dose, progestin type, dosing schedule, and specific oral contraceptive formulation.
Although we did not find statistically significant differences between ER case groups, our ER status findings add to the varying results on recent oral contraceptive use and breast cancer risk among young women. While one prior study observed a stronger association between recent oral contraceptive use and risk of ER (13), others found the opposite where oral contraceptive use was more strongly related to ER À than to ER þ cancer (11, 12) , and another study found no association between recent use and luminal A or triple-negative breast cancer risk (14) . Two studies including both pre-and postmenopausal women observed greater risks of ER À than ER þ cancer associated with recent use, although the differences were not statistically significant (15, 16) . Differences in results may be due to varying age distributions or to having insufficient power to detect modest differences. Additional studies with ER, PR, and HER2-neu data are needed to clarify how risk potentially varies by molecular subtype. Our main study limitation was the relatively short durations of continuous GHC enrollment before reference date, which restricted the exposure length we could evaluate. While the large Collaborative Group analysis did not find any significant impact of duration of oral contraceptive use after accounting for recency of use (6, 7), some individual studies since then have found long durations of oral contraceptive use associated with increased risk among women younger than 60 years (23, 24, 35) . In addition, never and former oral contraceptive users comprised our reference group, because we did not have lifetime oral contraceptive use data. Data on potentially relevant confounders were unavailable for all women, although we collected information on a sizeable subset of matched sets and found that each had a minimal impact. While some residual confounding may still be present, confounding of any appreciable magnitude is unlikely because prior studies reporting ageadjusted and multivariable-adjusted results generally do not suggest strong confounders (8, 36) , and we would not expect strong associations between covariates and specific oral contraceptive formulations. Several of our analyses by oral contraceptive type, such as for low-and high-dose estrogen, were limited by a small number of exposed cases, and some of the statistically significant findings may be due to chance as a result of the number of analyses performed.
A key strength of this study is the utilization of electronic pharmacy data that reduced misclassification and allowed all oral contraceptive episodes to be categorized by formulation. Electronic mammography data enabled the accurate identification of screening mammograms without relying on participant recall. These data, along with the minimal impact of adjustment for recent screening mammography on the OR, equal opportunity for screening among all women ages 40 to 49 years, and excluding in situ breast cancer cases, increase our confidence that our findings are not due to detection bias. Additional strengths include the large number of controls and including all eligible women, as no direct contact was required.
Our results indicating possible variations in risk by oral contraceptive formulation require replication in larger studies and should be interpreted cautiously. In addition, prior evidence indicates that the increased risk associated with recent oral contraceptive use declines after ceasing use (6, 7) . However if confirmed, these results could contribute to evidence-based discussions between women and their providers regarding the benefits and harms of the various commonly prescribed hormonal contraceptive options. Although these results suggest an increased risk of breast cancer, the many established health benefits associated with oral contraceptive use, including reproductive planning, menses regulation, decreased dysmenorrhea, and decreased risk of benign breast conditions (37, 38) , must also be considered when making individual choices.
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